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This report  summarizes the state of the science of interactions and 

effects of marine renewable energy (MRE) devices on the marine 

environme nt, the animals that live  there, and the habitats that 

support  them. This report  serves an update and a complement 

to the 2013 Annex IV report  that can be found  at 

http://tethys.pnnl.gov /pub lications/final -annex-iv -report -2013. 

http://tethys.pnnl.gov/publications/final-annex-iv-report-2013
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enerating energy from  the ocean includes the use 

of offshore wind  turbines. This report  considers 

only  devices that generate energy from  seawater. The 

MRE industry  worldwide  is still  in the early  stages of 

development,  deployment,  and commercialization.  

While  MRE devices include  those aimed at harvesting 

tides, waves, and ocean currents, as well  as tempera- 

ture and salinity  differentials  in seawater, the majority  

of environmental  studies have focused on tidal  tur - 

bines and wave energy converters (WECs), with  some 

emphasis on ocean current and river  turbines. This 

report  considers turbines and WECs only.  

 

This report  was produced by the Annex IV Initiative,  

under the Ocean Energy Systems (OES) collaboration. 

Thirteen OES countries have joined together to assess the 

potential  environmental  effects of MRE development, and 

to learn collectively how to address potential  effects that 

hamper siting and consenting/permitting  of devices, to 

facilitate the establishment of the MRE industry.  

The information  gathered and analyzed for  this report  

can help inform  regulatory  and research investigations  

of potential  risks to marine animals and habitats from 

tidal  and wave installations,  and can assist MRE devel- 

opers in developing  engineering, siting, operational 

strategies, and monitoring  options for  projects that min- 

imize encounters with  marine animals and/or  diminish  

the effects if  such encounters occur. Used in conjunc- 

tion  with  site-specific knowledge , the information  from 

this report  may simplify  and shorten the time to permit  

(consent) deployment of single and multiple  device 

arrays. The information  brought  together for analysis 

represents readily  available, reliable information  about 

environmental interactions with  MRE devices; however, 

the analysis and conclusions drawn  are not meant to  

take the place of site-specific analyses and studies, or to 

direct permitting  (consenting) actions or siting  consid- 

erations in specific locations. 

SUMMARY OF POTENTIAL 
ENVIRONMENTAL INTERACTIONS 
ASSOCIATED WITH THE DEPLOYMENT OF 
MARINE RENEWABLE ENERGY DEVICES 

In a new industry like MRE, there may be interactions 

between devices and marine animals or habitats that 

regulators or stakeholders perceive as risky. In many 

instances, this perception of risk is due to the high degree 

of uncertainty  that results from a paucity  of data col- 

lected in the ocean. However, the possibility  of real risk to 

marine animals or habitats cannot be discounted; the lack 

of data continues to confound  our ability  to differentiate  

between real and perceived risks. 

 

Ultimately,  risk will  be governed by a variety  of fac- 

tors that include attributes of a particular  device (static 

or dynamic),  the type of device (wave or tidal),  and the 

spatial scale of a particular  installation  (single device or 

arrays). As the MRE industry  continues to develop, it  is 

important  to acknowledge all the potential  mechanisms 

of harm these technologies may pose to the marine envi- 

ronment, although many of the perceived risks are likely  

to be small and easily avoided or mitigated.  Additional  

strategic research investments will  likely  help to mini - 

mize uncertainty  and elucidate actual risk. Most interac- 

tions and associated risks from single devices are unlikely  

to harm the marine environment; as larger arrays are 

deployed, additional  monitoring  and strategic research 

may be required to prepare for the commercial develop- 

ment of the industry.  

Studies to date have shown that most of the perceived risk 

to animals from MRE devices is due to uncertainty  about 

the interactions because of the lack of definitive  data, and 

continue to present challenges to permitting/consenting   

of commercial-scale development. As more definitive  data 

are collected, it  is possible that some real risks to marine 

animals and habitats will  remain and continue to present 

challenges to permitting/consenting  of commercial-scale 

development.  
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BENEFITS OF MARINE ENERGY 

The push for  MRE development  around the world  

stems from  interest in developing  locally  derived  

secure energy sources that have the potential  to com- 

bat the effects of climate change such as ocean acidifi - 

cation and increasing ocean temperatures. Deleterious 

effects of climate change are already affecting many 

marine and coastal resources, and will  continue to 

affect the health, reproduction capabilitie s, and biodi - 

versity  of populations  of fish, shellfish, marine mam- 

mals, and birds, and other living  organisms. Similarly,  

climate change effects will  erode the beneficial  human 

uses we derive from the harvest and aquaculture of 

seafood organisms, as well  as degrade coastal habitats 

that provide  erosion and storm protection.  Although  

laws and regulations in some countries do not explicitly  

allow  for  calculation of these beneficial uses by MRE 

devices as offsets for potential  deleterious effects, the 

net benefits of MRE generation should be viewed  as 

combatting climate change. 

COLLISION RISK FOR ANIMALS AROUND 
TIDAL TURBINES 

The potential  for  marine animals to collide  with  the 

moving  parts of tidal  devices is a primary  concern for  

consenting/permitting  and licensing of tidal  develop- 

ments. Where proposed tidal  energy projects overlap 

with  the habitat of protected species there are concerns 

that collisions could lead to injury  and mortality  of indi - 

viduals,  and possibly affect the long-term status of the 

population.  

 

Marine mammals, fish, and seabirds are of greatest 

concern for collision, however no collisions have been 

observed around single turbines or small arrays to date. 

Studies have focused on observing the behavior of animals 

around turbines as a way to understand how mechanisms 

leading to collisions might  occur. However,  observing col- 

lision  and animal behavior around turbine s is hampered  

by a lack of appropriate  instruments  and challenging 

conditions for underwater observations using acoustic or 

optical instruments. Modeling  efforts to estimate poten- 

tial  consequences of collisions with  turbine s provide  some 

insight  for worst-case scenarios, but need validation  from 

the field. Researchers are also examining animal behavior 

around turbines including  evasion, avoidance, and attrac- 

tion; direct observation of animal movements and behav- 

ior in the vicinity  of devices is needed to inform  evalua- 

tions of risk and impacts, and to answer stakeholder and 

regulator  questions. 
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RISK TO MARINE ANIMALS FROM 
UNDERWATER SOUND GENERATED BY 
WAVE AND TIDAL DEVICES 

Animals  use sound in marine environments  for com- 

munication,  social interaction, orientation,  predation,  

and evasion. The extent to which  marine animals detect 

and emit sound varies by frequency and amplitude.  The 

addition  of anthropogenic noise sources from opera- 

tional  wave and tidal  devices may induce behavioral 

changes in marine animals. In addition  to behavioral 

changes, the addition  of noise may, in some cases result 

in injury.  Physical impacts may include temporary  or 

permanent reduction  in hearing ability,  damage to non- 

auditory  tissues, irregular  gas bubble formation  in the 

tissues of fish and marine mammals, and neurotrauma. 

Behavioral changes may also occur, such as avoidance of 

or attraction to the source, as well as maskingñinter- 

ference with  communication,  navigation,  and detection 

of prey. To date, there have been no observations of 

operational  noise from MRE devices affecting marine 

animals. 

 

  

Measuring the sound from  an operational  WEC or tidal  

turbine  is becoming more routine,  although  measur- 

ing low -frequency sounds that may be in the hear- 

ing range of large whales continues to be challenging. 

Observations of animals reacting to those sounds are 

more difficult  to obtain. More information  is needed 

to determine whether physical injury  and behavioral 

changes caused by installation  noise will  be harmful.  

Most sound measurements from  MRE devices have 

been gathered for single devices; although  we can 

bound the likely  acoustic outputs  from  the cumulative  

impacts of arrays, few field  measurements have been 

made to date. 


